The objectives of the present study were to evaluate the effects of sex (steers vs. heifers) of young Holstein cattle on N and OM excretion in feces and urine and to use these data to develop prediction models for N and OM excretion. Data used were derived from a study with 20 autumn-born Holstein cattle (10 steers and 10 heifers) with N and OM intake and output measured at age of 6, 12, 18, and 22 mo, respectively. The cattle were offered a typical diet used on U.K. commercial farms containing a single grass silage mixed with concentrates. In each period, the cattle were housed as a single group in cubicle accommodation for the first 20 d, individually in metabolism units for the next 3 d, and then in calorimeter chambers for the final 5 d with feed intake, feces, and urine excretion measured during the final 4 d. Within each period, sex had no effect (P > 0.05) on N or OM intake or excretion or N utilization efficiency, with exceptions of steers having a greater intake of N (P = 0.036) and OM (P = 0.018) at age of 18 mo and a lower ratio of fecal N:N intake (P = 0.023) at age of 6 mo. A range of regression relationships (P < 0.05) were developed for prediction of N (g/d) and OM (kg/d) excretion in feces and urine. The present data were also used to calculate accumulated N and OM intake (kg) and excretion for the 2 sexes. Sex had no effects (P > 0.05) on accumulated N or OM intake or N or OM excretion in feces and urine or retained N and OM during the first or second year of life. On average for the 2 sexes at first and second year of age, the accumulated N excretions in feces were 11.4 and 21.1 kg and in urine 11.6 and 30.6 kg, respectively, and the corresponding values for accumulated OM excretions were respectively 241.5, 565.7, 30.3 and 81.5 kg. A number of equations were developed to predict accumulated N and OM excretion in feces and urine (kg) using BW (kg; P < 0.001, r 2 = 0.95 to 0.97). The accurate prediction of N and OM excretion in feces and urine is essential for reducing N pollution to ground and surface water and calculating methane and nitrous oxide emissions from manure management of dairy and beef production systems. These data can add novel information to the scientific literature and can be used to improve national inventories of manure N output and greenhouse gas emissions and to develop appropriate mitigation strategies for young Holstein cattle.
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INTRODUCTION
Nitrogen loss from manure in livestock production systems is not only a major polluter to ground and surface water but also a significant source for ammonia and nitrous oxide (N 2 O) emissions. Nitrous oxide is a major greenhouse gas (GHG) that has 310 times more harmful mass-specific effect as a global warming agent than carbon dioxide (CO 2 ; IPCC, 2006) . In 1991, the European Union introduced the Nitrates Directive (European Union, 1991) , which limits the amount of livestock manure (feces and urine) that may be applied to land each year to 170 kg of organic N (manure N) per hectare for preventing the pollution of ground and surface water by nitrates arising from agricultural sources. This limit has very significant implications for stocking rates on livestock farms. Therefore, there is an increasing demand to reduce N excretion in manure (feces and urine) for dairy and beef production systems. A number of prediction equations for N excretion in dairy and beef cattle have been published using large datasets derived from total diet digestibility measurements (Nennich et al., 2005; Yan et al., 2006 Yan et al., , 2007 . However, there is little comparable information available in the literature on prediction of N excretion for young cattle, since there is a lack of systematic measurements of N excretion in young cattle at different ages. Livestock production also produces a considerable amount of manure from housed cattle. Manure storage, through anaerobic fermentation of OM, is a significant source of methane (CH 4 ) emissions. In Northern Ireland, CH 4 emissions from animal manures account for 7% of total GHG emissions from the agricultural sector (Thistlethwaite and MacCarthy, 2010) and approximately 10 million t of manure are produced each year from housed livestock, of which nearly 90% comes from cattle (Gilkinson and Frost, 2010) . Currently, dairy and beef production industries are under increasing pressure by legislation to reduce manure N excretion and GHG emissions. There is therefore an urgent need to develop models to predict manure N and GHG emission for cattle production systems. However, there is no information available on prediction of manure OM output for growing cattle. The objectives of the present study were to evaluate effects of sex (steers vs. heifers) of young Holstein cattle at various ages on N and OM intake and excretion in feces and urine, to use these data to quantify yearly accumulated N and OM excretion in feces and urine, and then to develop prediction models for N and OM output.
MATERIALS AND METHODS
The present study was conducted under the regulations of Department of Health, Social Services and Public Safety of Northern Ireland in accordance with the Animals Scientific Procedures Act (1986).
Animals, Experimental Design, and Diet
Twenty autumn-calved Holstein cattle (10 steers and 10 heifers) with Profitable Lifetime Index (a system used to quantify genetic merit of dairy cows in the United Kingdom) of £134 ± 29 at age of 5 months were used in a 4-period study (28 d/period) with measurements taken at age of 6, 12, 18, and 22 mo, respectively. Five days after birth, calves were offered a milk replacement and a concentrate supplement in a straw bedded house and weaned at age of 50 ± 6.2 d. All steers were castrated at age of 4 to 5 mo (134 ± 14.3 d) and heifers bred by artificial insemination between 14 to 16 mo of age (450 ± 23.7 d). Before the commencement of the study, cattle were blocked into 10 pairs for similar conditions in terms of age, BW, BW gain, and BCS. In each period, the cattle were housed as a single group in a cubicle accommodation for the first 20 d and then transferred to metabolism units where cattle were tied individually in stalls for 3 d before being housed in indirect open-circuit respiration calorimeter chambers for 5 d. The feed intake, feces, and urine outputs were measured over the final 4 d.
The cattle were fed a single mixed diet based on concentrates and perennial ryegrass silage for ad libitum intake once daily at 0900 h during the 4 periods. The ingredient and chemical composition of concentrates and chemical composition of grass silage are presented in Table 1 . The diet offered was a typical ration of concentrate and grass silage used on U.K. commercial farms, according to the recommendation of the Agricultural and Food Research Council (ARFC, 1993) for energy and N requirements, and prepared daily using a Belle Premier 200XT feed mixer (Belle Engineering Ltd., Sheen, Derbyshire, UK). A single grass silage was used for all 4 experimental periods. In the first period, the concentrate supplement was offered at a ratio of 550 g/kg of DM, while it was given at a fixed rate of 2 kg DM daily in each of the other 3 periods. During the winter interval between the second and third periods, both heifers and steers were housed as a single group fed concentrates at 2 kg DM daily and a grass silage ad libitum. During the summer intervals between the first and second periods, and between the third and fourth periods, heifers and steers were managed as a single group and grazed on pasture. Given that heifers were due to calving between 23 and 25 mo of age (730 ± 23.7 d), all chamber measurements for heifers and steers in period 4 were undertaken at 22 mo (674 ± 15.3 d).
The grass silage was prepared from the first harvest of perennial ryegrass in spring 2010. The silage used in all 4 periods of the present study was from a single silo. After completion of each period, the silo was completely sealed and reopened just before the beginning of the next period. The silage fermentation characteristics were monitored throughout the present study and its quality remained relatively unchanged. To minimize the effects of variation in silage quality during the final 8 d of the measurement period, enough silage material was removed from the silo 2 d before the start of each measurement period. The silage was completely mixed and dispensed into plastic bags, and each bag contained enough silage for 1 pair of cattle for 3 d. All bags were then completely evacuated and stored in a cool area until use.
Measurements
The BW and BCS of the cattle were recorded on the first and last day of each period and the first day of cattle in chambers. Body condition of each animal was assessed by a trained technician on a scale of 1 (very thin) to 5 (very fat) according to Mulvany (1977) .
Quantities of feed offered and refused were recorded daily for each steer or heifer, and samples of silage and refusals were retained daily during the final 8 d of each period. The DM content of silage and refusals were determined after drying at 85°C for 24 h using a moisture extraction oven (Genlab, Cheshire, UK). In each period, during the final 5 d when cattle were housed in calorimeter chambers, the silage offered was sampled daily and stored at 5°C. Immediately after sampling on the final day, the 5 samples of silage were completely mixed and then divided into 2 portions. One portion (500 g) was used for determination of GE, N, pH, VFA, and ammonia-N concentrations on a fresh basis. The other portion (500 g) was dried at 60°C for 72 h and milled (0.8-mm sieve size) for analysis of ADF, NDF, and ash. Concentrates were sampled weekly during the study and bulked for analysis of DM, GE, N, ADF, NDF, and ash concentrations.
In each period, feces and urine outputs were recorded and sampled daily as a proportion (15%) of total excretion of feces (by weight) and urine (by volume) during the last 4 d in the respiration calorimeter chambers. In order to prevent loss of N as ammonia, urine samples were acidified during collection to a pH < 3.0 by addition of 2 M sulfuric acid. The feces and urine samples taken during the first 3 d were stored at 4°C. Immediately after the last day of collection, all feces and urine samples were pooled within animals and thoroughly mixed and representative samples were taken for analysis. The urine samples were frozen at -20°C for later analysis of GE and N. The fecal samples were divided into 2 portions. One portion (200 g) was used for measurement of N on fresh basis and the other portion was dried by moisture extraction oven (Genlab, Cheshire, UK) at 85°C for 72 h for measurement of DM and then milled (0.8 mm sieve size) for analysis of GE, ADF, NDF, and ash.
Gross energy concentrations were determined in an isoperibol bomb calorimeter (Parr Instruments Co., Moline, IL; Porter, 1992) . Ammonia-N concentrations of silage samples were determined using methods described by Steen (1989) . Total N concentrations were analyzed on a fresh basis for samples of silage, feces, and urine and on a DM basis for concentrate samples using a Tecator Kjeldahl Auto 1030 Analyzer (Foss Tecator AB, Höganäs, Sweden). The concentrations of NDF, ADF, and ash were determined using methods described by Cushnahan and Gordon (1995) . The concentrations of VFA were determined as described by Porter and Murray (2001) . Silage pH was determined using a Metrohm 670 Titroprocessor (Metrohm Ltd., Herisau, Switzerland) fitted with an Orion Ross combination electrode (Metrohm Ltd.).
Metabolizable energy intake was derived as the difference between GE intake and a sum of fecal energy, urine energy, and methane energy. Retained energy was calculated as the difference between GE intake and a sum of fecal energy, urine energy, methane energy, and heat production. The heat production (MJ/d) was determined based on measurements of O 2 consumption (L/d), CO 2 and CH 4 production (L/d), and urine N output (g/d; Brouwer, 1965).
Calculation of Accumulated N and Organic Matter Excretion
Total accumulated N and OM excretion (kg/yr) for young Holstein cattle were estimated on a daily basis, except for the preweaning period (mean weaning day = 50 ± 6.2). During the preweaning period, the accumulated OM excretion in feces or N excretion (kg) in feces and urine was estimated from total intake of colostrum, milk replacer, straw, and concentrates or total N intake from these components, multiplied by fecal OM excretion rate or N excretion rate in feces or urine. Total intakes of milk replacer and concentrates were recorded and consumptions of milk and straw were estimated (Morrison et al., 2012) . The fecal OM excretion rate or N excretion rate in feces or urine for excretion from consumed colostrum and milk replacer was derived from dairy cattle data of Parrish et al. (1953) and for excretion from straw and concentrates was from measurements at age of 6 mo in the present study. The calculation of urine OM excretion was based on urine N output, urine N compound proportions (urea, allantoin, uric acid, etc.) , and their molecular weights in Holstein cattle urine (Bristow, 1992) .
From weaning to 2 yr of age, OM excretion (kg/d) in feces and N outputs (g/d) in feces and urine for individual animals were estimated from DM intake (kg/d) and N intake (g/d) multiplied by the proportions of fecal OM excretion and fecal and urinary N output, respectively. These proportions used for the age of weaning to 6 mo, 7 to 12 mo, 13 to 18 mo, and 19 to 24 mo were derived from the present study. The daily OM excretion in urine was calculated from urine N output, urine N compound proportions (urea, allantoin, uric acid, etc.) , and their molecular weights in Holstein cattle urine (Bristow, 1992) . Daily OM and N intakes were estimated from relationships between dietary concentrations of OM (kg/kg DM) and N (g/kg DM) and daily DM intake (kg/d), with the latter estimated from daily ME intake (MJ/d) and dietary ME concentration (MJ/kg DM).
The ME intake was a sum of ME requirement for maintenance (ME m ; MJ/d) and growth (ME g ; MJ/d) plus ME requirement for pregnancy (MJ/d) for pregnant heifers. The ME m was derived from Jiao et al. (2013) . The daily ME g (MJ/d) was calculated using NE energy requirement for growth (NE g ; MJ/d; Eq. [1]) and the efficiency of ME use for growth (k g ; Eq. k g = 0.78 × (ME:GE) + 0.006, [2] in which ΔBW is daily BW gain (kg/d) and was calculated from the linear relationship of BW (kg/d) against recording date. The BW for each cattle was recorded weekly throughout the present study. The ΔBW for heifers or steers was similar between indoor feeding and grazing periods in the present study. The energy used for pregnancy was calculated using Eq.
[3] and [4] and the efficiency of ME use for pregnancy (0.133) as recommended by the AFRC (1993): log 10 (E t ) = 151.665 -151.64 × exp(-0.0000576t) and
[3]
in which E c is energy retention for pregnancy (MJ/d), E t is total energy retention (MJ), W c is calf birth weight (average birth weight in the present study), and t is days from conception.
Statistical Analyses
The effects of sex of young Holstein cattle (steers vs. heifers) on N and OM utilization were analyzed using 2-way ANOVA as a 2 (sex) × 4 (period) factorial design, with variations of dietary forage proportion and animal removed. The differences between sex groups in the accumulated N and OM intake and excretion within the first and second year were analyzed using 1-way ANOVA, with variations of dietary forage proportion and animal removed. The differences between treatments were compared using 4 levels of significances, that is, nonsignificance (P > 0.05) and significances at levels of P < 0.05, P < 0.01, and P < 0.001.
Given that the sex has no effect on N and OM utilization efficiency, data of 2 sexes were pooled to develop prediction models for the N and OM excretion using the linear or multiple linear regression. The relationships between the accumulated N and OM excretion and BW were developed using the exponential regression technique. These relationships were developed using the restricted maximum likelihood model as shown below:
in which Y is the response variable; b is the regression intercept; P is the random effect of period, sex, and animal; a i is the regression coefficient for explanatory factor i; X i is the random effect of explanatory factor i; and e is the random error. The statistical program used in the present study was Genstat 14.2 (14th edition; Lawes Agricultural Trust, Rothamsted, UK).
The above prediction equations for daily manure and fecal and urine N outputs were subsequently validated using a dataset of growing/finishing beef cattle published by Yan et al. (2007) . The dataset contains 286 individual data points in which BW ranged from 153 to 580 kg, N intake from 73 to 316 g/d, fecal N output from 23 to 105 g/d, and urine N output from 18 to 142 g/d. Prediction accuracy of relationships was examined using the mean prediction error (MPE; = MSPE 1/2 /Ā), in which MSPE (mean square prediction error) = 1/n × Σ(P -A) 2 , in which P or A is the predicted or actual manure or fecal or urine N output, n is the number of pairs of values of P and A compared, and Ā is mean of A (Ā = A/n).
RESULTS

Effect of Sex on N and OM Utilization
The average DM intake for heifers and steers were 4.04 and 3.91 kg, 6.64 and 6.75 kg, 6.83 and 7.61 kg, and 8.12 and 8.27 kg at age of 6, 12, 18, and 22 mo, respectively. The measured N utilization data are presented in Table 2 . There was no difference (P > 0.05) between heifers and steers in any variable in N intake, N output (fecal N, urinary N, or manure N), N retention, or N utilization efficiency in any period with an exception of steers having a greater (P = 0.036) N intake than heifers at age of 18 mo. The average values across the 2 sexes for manure N:N intake were 0.57, 0.66, 0.70, and 0.77, urinary N:N intake were 0.23, 0.36, 0.43, and 0.45, and fecal N:N intake were 0.33, 0.29, 0.27, and 0.32 at age of 6, 12, 18, and 22 mo, respectively.
The measured OM utilization data are presented in Table 3 . There was no difference (P > 0.05) between heifers and steers in any variable of OM excretion in feces, urine, or manure at age of 6, 12, and 22 mo. At an age of 18 mo, steers had greater OM intake (P = 0.018) and OM retention (P = 0.017) than those of heifers, but the differences in these 2 variables were not significant in other 3 periods. No difference (P > 0.05) between heifers and steers was found for any variable of OM utilization efficiency (fecal OM:OM intake, urinary OM:OM intake, manure OM:OM intake, and OM retention:OM intake) in any period.
Calculation of Accumulated N and OM Intake and Excretion
The accumulated N and OM intake and excretion calculated for the first and second year are presented in Table 4 . The sex of young Holstein cattle had no effect (P > 0.05) on any variable, in terms of accumulated N or OM intake, excretion in feces or urine, or retention during the first or second year. On average across the 2 sexes, accumulated N intake and N excretion in feces and urine were 38.6, 11.4, and 11.6 kg for the first year and 72.5, 21.1, and 30.6 kg for the second year, respectively; accumulated OM intake and OM excretion in feces and urine were 1,295.0, 241.5, and 30.3 kg for the first year and 2,581.7, 565.7, and 81.5 kg for the second year. 
Development of Prediction Models for N and OM Excretion in Feces and Urine
Because sex had no effect on N and OM utilization efficiency in any period of the present study, the measured data with steers and heifers were pooled to develop a range of regression relationships for excretion of N (Table 5 ; Fig. 1 ) and OM (Table 6 ; Fig. 2 ) on a daily basis. All relationships were significant (P < 0.05). There were positive linear regression relationships between N intake (g/d) and N excretion in feces, urine, and manure (g/d; Eq.
[5] to [7] ; r 2 = 0.73 to 0.86), while the r 2 decreased (Eq. [8] to [10] ; r 2 = 0.70 to 0.82) when replacing N intake with BW (kg 0.75 ). The r 2 values were further increased using both N intake and BW as predictors (Eq.
[11] to [13] ; r 2 = 0.74 to 0.87) rather than using N intake alone. A similar result was also found for prediction of OM excretion in feces and manure, with r 2 value reduced from 0. 85 [23] ; r 2 = 0.87 to 0.90) when using BW to support feed intake (DM or OM) to predict fecal and manure OM output.
The prediction models for accumulated N and OM excretion in feces and urine are presented in Table 7 and Fig. 3 and 4 . All accumulated N and OM intake and excretion data used for this modeling exercise were calculated on a half year basis. All regression relationships were significant (P < 0.001). There were very strong exponential relationships between BW and the accumulated fecal N (Eq. Fig. 4 ). These models provide approaches to predict accumulated N and OM excretion for rearing young cattle to a given BW during the period from weaning to 2 yr old. Table 4 . The effects of sex of young Holstein cattle on the accumulated N intake and N excretion, and the accumulated OM intake and OM excretion for the first and second year (kg/yr; n = 20) Table 5 . Relationships between manure N excretion and N intake and BW for young Holstein cattle using data derived from all 4 periods (6 to 22 mo; n = 80) 1
Equations r 2 Eq. N excretion predicted from N intake, g/d 
Validation of Prediction Models for N Excretion in Feces and Urine
The validation of the present models ([5] to [13] ) using a published dataset of beef cattle (Yan et al., 2007) is presented in Table 8 . For prediction of fecal N output, all 3 current equations (Eq. [5], [8] , and [11]) produced a minor bias in terms of the difference between predicted and actual mean fecal output (g/d). However, using BW as the sole predictor (Eq. [8]) generated a relatively large MPE value and a low r 2 value in the relationship between predicted and actual fecal N excretion, in comparison with those using N intake (Eq. [5]) or both N intake and BW (Eq. [11]) as predictors. Equation [8] also resulted in a wider range in residual fecal N excretion (predicted minus actual). Residual plots (Fig. 5, 6 , and 7) were also used to evaluate the prediction accuracy by plotting the predicted fecal N excretion (x axis) against the corresponding residual fecal N excretion of predicted minus actual (y axis). The residual plots of fecal N output using BW alone as the predictor (Eq. [8]) were scattered and relatively uniformly distributed around the zero line, in comparison with those using N intake (Eq. 
DISCUSSION
Nitrogen Utilization and Prediction of N Excretion in Feces and Urine
The utilization of dietary N is very inefficient in growing ruminants compared with growing nonruminant farm animals. This is because the majority of consumed protein can be degraded and then deaminated into ammonia and volatile fatty acids in the rumen, and some ammonia cannot be used by rumen bacteria but is absorbed into blood and excreted as urea in urine. Nitrogen excretion in feces and urine represents a significant loss, which accounts for over 70% of daily N consumption in beef cattle (Waldrip et al., 2013) and dairy cows (Castillo et al., 2000) . The importance of N excretion in cattle production has made it the subject of significant research effort. The overwhelming majority of this effort has been directed toward lactating dairy cows because of their central importance to the economic stability of the dairy operation (Wilkerson et al., 1997; Nennich et al., 2005; Yan et al., 2006) . However, there has been relatively less investigation into N excretion of growing heifers and steers, especially in terms of a systematic study at different ages. Wilkerson et al. (1997) published a N excretion dataset of growing Holstein heifers and steers (n = 75). The average value of manure N:N intake was 0.83, which was greater than 0.57, 0.66, 0.70, and 0.76 derived from the current study at age of 6, 12, Table 6 . Relationships between manure OM excretion and feed intake and BW for young Holstein cattle using data derived from all 4 periods (6 to 22 mo; n = 80) 1 18, and 22 mo, respectively. This difference is likely to be attributed to the different type of forages used in the current study (grass silage) and Wilkerson et al. (1997; alfalfa, corn , and grass silages and hay, cottonseed hulls, and fresh grass). Moreover, the difference in the efficiency of N utilization between the current study and Wilkerson et al. (1997) may also be explained by the higher dietary CP concentration used in the latter (15.8 vs. 18.2%). This difference in dietary CP concentration results in an estimated increase in N excretion of 2.3 g/d with each kilogram increase in DM intake calculated using an equation developed from the current study (Eq. [7] ; Table 6 ). The negative relationship between the efficiency of N utilization and dietary N concentration has also been reported in dairy cows (Tamminga, 1992; Yan et al., 2006) and beef cattle in a meta-analysis of published data (Waldrip et al., 2013) . Yan et al. (2007) reported a greater proportion (0.78) of manure N excretion over N intake using the linear regression technique in growing to finishing beef cattle with BW ranged 153 to 580 kg (n = 286). Although a value of 0.78 is similar to that (0.76) obtained from the current study when cattle were at age of 22 mo, it is greater than those of 0.57, 0.66, and 0.70 when cattle were at age of 6, 12, and 18 mo. Zanton and Heinrichs (2008) reported, under a certain level of ME intake, that the N retention decreased with increasing metabolic BW. For example, when ME intake was 1.06 MJ/kg 0.75 , N retention declined by 0.011 g/kg 0.75 for each unit increase in metabolic BW. The average BW of cattle at age of 6 and 12 mo in the present study were 176 and 320 kg, respectively, which were lower than the average BW of 381 kg in the study of Yan et al. (2007) .
In Northern Ireland the main winter forage for cattle and sheep is grass silage with over 8 million t ensiled annually (DARD, 2013) . The ensiling process can adversely affect protein quality and reduce N utilization efficiency and consequently increase N excretion in feces and urine of cattle (Kebreab, 2001) . In Northern Ireland the Nitrates Action Plan and Phosphorus Regulations (DARD, 2011) include a limit on the amount of N from livestock manure that can be applied to land of 170 kg organic N/ha yearly. However, derogation permits the land application of up to 250 kg N/ha yearly from grazing livestock manure under certain conditions on intensive grassland farms (DARD, 2011) . Such limits have stimulated interest in developing models to predict N excretion and mitigation strategies to reduce N output in feces and urine in animal production. In recent years, research have extensively focused on adult beef and dairy cattle, while the present study with a systematic measurement of the manure N excretion in young cattle at different ages provides important data to fill this knowledge gap. Therefore, the present study provides essential and additional information for calculation of N utilization efficiency for dairy cattle from birth to end of production.
The Intergovernmental Panel on Climate Change (IPCC; IPCC, 2006) suggests the use of an excretion rate of 0.33 kg N/1,000 kg animal mass daily for growing heifers and beef cattle in western European countries to estimate manure N excretion, if no measured data are available. This would generate a manure N loss for growing cattle of 22.0 and 55.6 for the first and second year, respectively, if using the average BW at birth and 1 and 2 yr old obtained in the present study (44.1, 320.3, and 601.4 kg, respectively) . These 2 values are 4.1% lower or 7.8% greater than these (22.9 and 51.6 kg) obtained in the present study. These results indicate that the use of the default factors of the IPCC (2006) to estimate manure N output for young cattle can cause systematic errors. The present models provide approaches to esti- Table 8 . Validation of the present equations for prediction of nitrogen excretion using data of beef cattle (n = 286) published by Yan et al. (2007) . Use of this approach and the present manure N data under typical U.K. farming conditions, the direct N 2 O emissions factors are calculated to be 0.18 and 0.41 kg/head yearly for young Holstein cattle at age of 1 and 2 yr, respectively, and the corresponding indirect N 2 O emission factors are 0.15 and 0.32 kg/head yearly, respectively. Accordingly, total CO 2 equivalents for the first and second year are 98.0 and 217.7 kg, respectively. These data are useful information for establishment of more reliable and accurate country-specific GHG emission factors and development of national GHG emission inventories and mitigation strategies to reduce carbon footprint of cattle production systems.
Organic Matter Utilization and Prediction of OM Excretion in Feces and Urine
Cattle production generates a considerable loss of OM in manure. In the present study, the loss of OM intake was 20 to 24% in feces and 2 to 3% in urine. The OM excretion in feces and urine not only presents a waste of natural resource but also places a great pressure for farmers to handle these wastes, especially in Northern Ireland where the spread of slurry in agricultural land is banned from mid October to the end of January every year (DARD, 2011) . Furthermore, the storage of OM in livestock manure is a significant source of CH 4 emission under anaerobic conditions. This occurs mostly when manure is managed in liquid form, such as in lagoons or holding tanks. The CH 4 emission rates vary greatly under different manure management systems and are influenced by manure nutrient composition, which is affected by diet composition (e.g., forage proportion and protein content) and animal factors (e.g., species, breed, age, etc.; McDonald et al., 2002) . Therefore, the accurate quantification of manure OM excretion for different feeding regimes and levels of animal production is essential for establishment of appropriate manure management systems and for development of robust CH 4 emission inventories and mitigation strategies.
The present study has systematically measured manure OM excretion of young Holstein cattle on a daily basis at various ages. These measurements were used to develop prediction models of OM excretion (kg/d) using feed intake and BW, and these data were then used to calculate the accumulated OM excretion for different periods of age (half year intervals within 2 yr age). A range of models were developed to predict accumulated OM excretion for rearing young Holstein cattle to a given BW from weaning to 2 yr old. There are strong exponential regression relationships between the accumulated OM excretion and BW values. The predicted manure OM excretion can be used to estimate CH 4 emission for manure storage for different management systems. For example, under a typical U.K. manure management system, the manure CH 4 emission factors are calculated to be 4.2 and 10.4 kg/head yearly for young Holstein cattle at age of 1 and 2 yr, respectively, when using accumulated OM excretion obtained in the present study and equations recommended by the IPCC (2006). Accordingly, total CO 2 equivalents for the first and second year are 105.0 and 260.0 kg, respectively. Such information is essential for establishment of appropriate manure management systems and for development of country-specific CH 4 emission factors (kg/yr) for manure management systems.
It is important to highlight the fact that the present prediction models were derived from data with young Holstein cattle offered grass silage-based diets. Further studies are required to obtain data to validate these models and adjust for application to different feeding re- gimes. It is well documented that dietary manipulation and feeding regime can alter nutrient digestibility and utilization in cattle (McDonald et al., 2002) .
Conclusions
A systematic measurement of N and OM utilization was undertaken for young Holstein cattle at the age of 6 to 22 mo. The statistical analysis of these data found that sex (heifers vs. steers) had no significant effects on any variable for N and OM utilization data. These data were then used to develop accumulated N and OM excretion in feces and urine on a half year basis from birth to 2 yr of age. A range of linear and curvilinear relations were developed for prediction of N and OM outputs in feces and urine. These data add novel information to the scientific literature and can be used to quantify N and OM excretion in feces and urine of young Holstein cattle. The accurate calculation of N and OM excretion in feces and urine is essential for development of appropriate manure management systems and country-specific GHG emission factors from manure storage.
